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Thi^ 8f>8cH1c£iiIon descrBsed an Invention relating to certain poly(Bub8tituted)- 
plilh^ocyanine compounds wliieh absorb in the near infra-red region of the electro- 
magnetld spectnitn, e.g. from 760 to 1500 nm, and more especially from 7S0 to 1 tOO rim, 
to the use lof the compounds in a variety of applications where it is desirable to absorb 
Infra-red radiation including aystema and compositions providing protection against the 
effects of sjuch radiation or requirihg iocatised heat input and to systems and oampcsHlona 
incorporating the eompounda. 

BP I 0165760 descrtbea various generic dasses of infra-red absortsing 
phthalocys^Ine compounds in which <a) each of at leaat five of the peiripheral carbon 
atoms in tlie 1. 4. 5, 8, 9, 12, 13 & 16 positions of the phthalocyanlne nudeua shown In 
Formula A 




j Formula A 

i. 

(these eight (tos'itiohs being hereinafter referred to as the ''3.&'" pbsltions by analogy with 
thes equivalent $-* and 6-positions In the four molecules of phthalonitrlle frtm which the 
phthaiocy^fljfie ts derivable] is llnlced by an atom from Group VB or Group VIB of the 
periodio T&bVs (other tlian oxygen) to a cartoon atom of an origanio radical and (b) the 
phthaloey^rilne nucleus is metal free or is comple)(ed witli a metal or oxy^^m^tsil. The only 
specific Idtsdosune of such a compound canying an oxy-metai is 
octa-3,6-(4rf-butylphenylthioJ-VOPc (In which VOPo represents a phthalocyanlne nucleus 
complexed with the oxymetai group VO and each of ti^e etght peripheral carbon atoms in 



as thti '3,6-' 



spectrum 
region) ar 
to the eye 



sg^itlons on the phthalocyanlne carries a 4-t-butylphenylthlo group). Apart from 
being aifi ii i^riaj-red absorber, no other properties are disclosed for this spedfie compound 

AltioUgh the compounds disdosed in EP 0165780 have a $trong absorption peak 
In the he air ;infra-red region of the electromagnetic spectrum and some have been 
commerci Uis^d, they generally exhibit some eb^orption in the visible region of the 
(bejcause the position of the infra-red absokption peak Is dose to the visible 
djtfvus have a faint coloration, when applied to a substrate, which is detectable 



tijnieise masked with anotiier coloured species. 



According to a firet aspect of the present Invention there Is provided a 
phthaiocyanine compound of Formula I 



wherein « teast 5 of the groups represented by R*. R*. R'. R*. R'l & 
Independently -X-J or -X-UX^-, wherein 

«aeh J IB independently selected from Ci^-alkyl: Ca^-alkenyl; C4j-eycIoalkyi (each being 
optionally substituted by a group selected from Cu-alkoxy, CM-alkyJthio, Ce-iar^K 
Cg.i2-aryith1o. Ci^-ail^teulphonyl, Cw.-alkyl8ulphony1amine. C«-aiKybulphwdde, 
amino, mono- and di-Ci^-alkylaniinb. halogen, nitro. cyano and hj^dfoxycarbonyl 
C-COOH). hydixoysulphonyl (-SOaH) or dihydroxyphosphonyl (-POsHa) orCM-alkyI 
esters tliei^ and from Cs-ta-aryl (optionally substituted by a group selected from 
Ci^j-alkyl, Ci-8-alltoxy, Ci^-alkyKhb. Ct^-alkyteylphonyl. C,^-alkylsulphonyIamino. 
Ci^alkyteulphojcide, amino, mono- and di-Cu-alkylamlno, h^ogen. nItro, cyano 
dnd hydroxycarbonyl, hydroxysulphonyl or dihydroxyphosphonyl hydroxycarbonyl- 
Ci4-alkyl, hydroxysulphonyl-Ci^lkyl, dlhydroxypho5phonyl-Ci<ralkyl or Ci^allQrl 
estate thereof); 

each Lis independently selected from Cw^lkylene and C^s-cydoalkylene (each being 
opUon^Uy substituted by a group selected from C<^-alkoxy, Ci^-aikyHWo. Cg-ia-aryl. 
Ga-w-arylthio. Ci^-alkylsulphonyl, CM-alkylsulphonylamlno, Ci^alkyisulphoxide. 
amino, mono- and di-Ci-»-alkylamlno, halogen, nitro^ cyano and hydroxycarbonyl, 
hydroxysulphonyl or dihydroxyphosphonyl or CM-alkyl esters ttrerBof): ancf from 
Cs^^ryiene (optionally substituted by a group seleeted from C^^a\k!f\, 
Gt«-alke^. Ct^alkylthio. Ci^-alkylsulphonyl, Ci^lkylsulphDnylamino, C^^llcyl- 
siilpHogdde. amino, mono- and di-Ci^-alkylamlno, halogen, nitro, cyano and 
hydroxycarbonyl, hydroxysulphonyl. dihydroxyphosphonyl, hydroxycarbonyl- 
Ci4-alKyl, hydroxysulphonyl-Ct^alkyl or dlhydroxyphosphonyl-^Ji^lkyl or 
Ci.3-alkyl esters thereof); 
M Is an oxymetal group; 
6aeh XIndeperidentty is 8, 8e, Te or NT; 

each X^ independently Is $e, Te or HT and direcHy attached to a peripheral 3.6-cart)on 
atom of another phthalocyanlne compound of Fonnula I; 




Formula I 



eaOi T independently is H, alkyl or phenyJ, or T & J. together viiith the N atom to which 
thdy are attached, form an aliphatic or aromatic ring provldad this N atom is 
poaWv^ly charged; provided where J te aryl, T is not aryl; 
and <he remabiing groups from R"* to R'*^ are independsmtly selected from l-i, halogen. -OJ, 
S hydnsKycarbonyl. hydroxysulphony), <ffliydroxyphosphonyl. hydnu(ycarbofiyl-Ci^alKyl» 
hydroxy«Miphonyi-Ci4-alkyl and dihydroxypho8phony1-Ci4-alkyl. 

Throughout this specification the carton atoms in the phthalo^nine compound of 
Formula l to which the groups R\ R\ R". R*. R*. R", R^' & R" are attached are refenred 
to as the "d46-cart>on atoms'' by analogy with the equivalent 3- and 6-carboh atoms In tiie 
10 four mdecuies of plithabnitrile (see Formula II) from which this present phthaloqranlne 
compound is derivable. Furthermore the symbols. HaPc and MPc, in wrhteh M is an 
oxymet^l graup, e.g. VO, TiO or Mo6. will be used to indicate unmistaiit&ed 9nd 
oxymetaiiised phtt^loeyanines, raspectiveiy. 

.[ L Formula II 

15 ' » 

in the phthaiQcyanine compound of Fonnula I, preferably at least six, more 

preferably at l^t $even and more especially all eight of the <'3,6-carbon atoms" car^ a 
group of th0 fonmuia -X<J or -X-L-X^-. It is further pr^sfsnred that each ''3,6-carbon atom" 
' carries a group of formula -X-J. It is also prefsnred that the remaining peripheral carbori 
20 atoms (hereinalter inferred to as the M.S-carbon atoms") are unsubstituted, i.e. that edeh 
of r^, H» R*. te. R". R". R" « R" in Formula I is H. 

Compounds of espedai Interest have an absorption peak from 760 to IIGO nm, 
mor« preferably from 800 to 1000 nm, and those of more especial interest have at least 
90% (and more^ especially at least 95%) of their sipsorptlon strengHi at or .above 750 nm. 
2S Pref^n^ compounds have a narrow half-band width .(width of band at half peak height) in 
solutiori, especially of less then 60 nm. 

Preferred groups repnesentsd by J are CM-allcyl. such as metiiyl, ethyl, propyl or 
butyl, Vfhidi may be straight or branclted chain, but are preferably the former; Cz-^^lkenyl, 
such as vinyl or allyl; cyclohexyl; and more especially phenyl; naphtha-1-yi or naphtha-2- 
30 yl, each of which is optionally substituted as hereinbefore defined. Where a sgbstlluent 
on J Is eiectron-wlthdrawing, such as hydroKycarbonyl, nltro or cyano, it ts preferably in 
the ortho-position with respect to the linit betweer^ J and X, so that it la not coupled into 
the extended conjugation system of the Pc nudeue. 

Preferred groups repiassnted by L are CM-all(ylene such as ethylene, 
35 prop-1,2-yl8ne and prop-1,3-yiene; Ce-cycloalkylene, such" as cydohex-l .4-ylene: 
phenyl ,4-yl&ne and naphtha-1,4-ylene. each of which is optionally substitixted as 
hereinbefore defined. 

Prefeited subslltuenls forth© aryl and arylene groups represented by J ahd L are 
Cvrslkyl, such as methyl and ethyl; Ci,a-alia>xy such as methoxy and ethoxy, 




Ci,2-alkylthlo, euch as methyllhlo and ethylthJo; Cj^ralkylsulphonyl; d^ralkylsulphoxid©; 
omino; mono- and di-Cv2r6lkylamlno. s\i€h as methylamlna and diethylamino; halogen 
such as ©hloPD ar bromo; nitro; cyano; hydroxycarbonyl, hydroxyaulphonyl» dlhydroocy- 
phosphoiiiyl, . hydroxycarbonyl-Ci^lkyl, hydroxysulphonyl-Ci-a-alkyl anil dihydroQr-- 
pho^phonyl-Cw-alkyi and Ct-a-alkyl esters thereof, such as -COOH. -COOCgHs, -SO^H, 
-SOaCHa. -POaHa -CHaCHjCOOH. -CHaSOSH, -CHzPO^Ha, -CHaCOOCHa. and 
»CH2CH2SOaCHd. Examples of optionally substttuted aryl and arylend groups represented 
by J and U are phenyl, 4-nriethylphenyl, 2-methylphenyl, 4-l-propylphenyl, 2^lmethyl- 
phenyli 2.&'dimdthylphenyl. 3,5-dimethylphenyi, 4''niemoxyphenyK 4-m6thyithtophenyl» 
3-(2H[mefho^carbonylleQiyl)phenyl, 3-(hydrcxycarbonyl)phenyli 4-(hydroxysulphonyi)- 
phenyi, 2-chlQrQphenyl, 4-branriophenyl, 3»&<licMorDph^yi. naphtha-1-yl and 
naphtha-2-yl. 

Preferred eubstituents for the alkyl. alkylene, alkenyl. cydoalkyi and cycloalkylene 
groups represented by J and L are d^alkoxy or Ci^elkylthio. such as methcxy, ethoxy 
and methylthlo; Ceuts^aryl. especially phenyl or naphtha-1-yl; halo or cyano. Examples of 
optionally substituted alkyl, alkylene, alkenyl, cydoalkyi and cycloalkylene groups 
represented by J and L are methyl, ethyl, l-propyl. methoxy, ethoxy, methylthio, allyl, 
trifluoromethyl, benzyl, dimethylaminoethyi, methylsulphonyfamlnoethyf arui ethylannino-» 
ethyl. 

It [3 preferred that X and are sulphur (S), selenium (Se) or tellurfum CTe) and 
more espectally sulphur. If any group represented by X or is NT, it is preferred that the 
compound contains not more than four such NT groups. ' 

Prefenied groups represented by T are H; Ci^'^ll^l, espedally Ci^-alkyl< such as 
methyl, ethyl or propyl; or phenyl. However, where J or 4. Is aryl, it Is preTerred that T on 
the group NT attached thereto, is not aryl. Where T & J, together with the N atom to 
which they iare attached, form an aliphatic or aromatic ring, this is preferably piperidinyl, 
pip^sdnyt. mbrpholinyl or pyrrollnyL 

Examples of suitable oxy-metal groups, represented by iVI in Formula I are titanyl 
(TIO). rholybdyl (MoO) and vanadyl (VO). 

A prefen^d compound aeccrdlng to the present invention confontis to the following 
formula: 

octa-3,6-(RX).Pc-M Fomiula III 

wherein 

M is an oxymetal group selected from VO, TiO and IVloO; 
Poistiie phthaiccyanind nucleus; 
each X!s Independently S, Se, Te or NT wherein T Is H, C,.4-alkyl cr phenyl; and 
toch R Is Ind^pendbntiy phenyl or naphthyl each of which Is optionally substituted by up 
to 6 groups selected from Ci^-alkyl, Ch^-alkoxy, Ci^lkylthlo, Ci^lkylsulphonyi, 
Ci^-alkylsulphonyl-amho, Ct^-alkylsulphoxlde, amino, moiio- and dl- 
Ci^-alkylamino, halogen, nrtrtii cyano and hydroxycariDonyl, hydroxy-sulphonyl, 



dihydroxyphosphonyl. hydroxycarbonyl^,.3-alkyl. hydroxy6ulphonyK;i.!ralkyl 
hydroxyphosphonyl-Ci^lkyl or Ci.3-alkyl esters thereof; or 
R & T together form a plperidlhyl» pipenaadnyl, morphollnyl or pyrroBnyl ring. 

examples of compounds of the present InvenHon confenning to Fonnula I ar 

Formula 111 are: 

ocia-3.6-(phenyIlhio)-TiOPc 
octa-3,6-<4-methylphenyl»tio)-VOPc 
octa-3,6-(2-methylphenylthlo)-VOPc 
octa-3,6K2-ethylphenyithio}'VOPe 
o0ta-^«6-(4-t-propylphenylthio)-TiOPc 
oeta-3,6-(2i-propylphenytthfo)-v6Pc 
oc4a-3,6-(2,4-dlmethylphenylthio>VOPc 
ocla-S.&KZrS-dimethylphenytthto^VOPc 
6ctfi.3,6-{3.5-d!methylph6nylthlo)-VOPc 
octa-3,6-(4'methoxyphenylthlo)-VOPc 
QCte-3,6-(4-n-propoxypheiriyl1hIo)-MoOPc 
oeta-3,eK4-methylthlopher^tNo)-TIOPc 
octa-3,6-(4-methylthlPphenytthlo)-VOPc 
octa-3,6-(3.4Kl5methy[phenylthio)-VOPc 
octa-3,6-(3-»T^ethoxycarbonylphenylthlo)-WloOPc 
octa-3.6-(3-hydroxycarbonylphenylthlo)-VOPP 
<»eta-3,6-(2-lhydro){ycafbonylmelhyflphenylthlo)-VOPo 
ocla-3.6-<3-[2-hydn>xycan)onylethyllphenylthlo)-VOPo 
ocla-3,6-(4-[3*ydnM<ycartJonyl-n-propyllph8nyllhlo)'VOPo 
octa-3,6-(4-hydro>«y$ulphonylphenytthlo)-VOPc 
acta-3.6'(4-hydroxyphenylthio)''VOPc 
octa-3,6-(nephtha-1-ylthlo)-VOPc 
octa'3.6-(naphtha*2-ytthlo}-VOPc 
octa-3.6-(2'chlorophenylthlo)-VOPc 
oda-3,e-(4-bromophenylthlo)-T10Pc 
octEh3,6-(3,5<Uchlorophenylthlo)-IVl90Pe 
a6ta-3,6'(i3enzylthto)-VOPc 
octa'3,6-(phenylteiluro)-VOPo 
«ind octa-3,6-(btJtyithio)-MoOPc 

Examples of compounds of the present Invention contormlng to Formula I are: 
hepta-3,6-(2./^dimethylpheny1thio)-mono-3.6><9hloro«VOPo 
hepta-3.6-(4>'bromophenylthlo}Hmono-3.6-cihloro-'nOPG 
hexa-3,6-(4-nnethyJphenyUhb)-dl-3.6.chloro-VOPc 
hexa-3,6-a6'dlmethylphenyllhlo)-di-3,6-chloro^oOPc 

and penta-3,6-(2-raetho)whenylthio)-tri-3,6-chlora-TibPc. 



Alfhough the groufis attached to the eight "3,6-cartion atoms* may be dlflfetent, 
they are preferably Identical and each is more jweferably an op«onally^«ub^ted phenyl 
group of tild Formula IV: 



wherein each of to Q« to Independently selected from H. Ci^-alkyl. More especially 
mrfiyl; Ci^lkoxy more especially methoxy; Cio-alkyithio, more especially methyllhlo^ 
Ci^-alkyteulphonyl. Ci^alkylsulphonylamlno, Cw-allcylsulphoxlde. amino, mono- and dl- 
Ci.3-alkylamino, halogen, nitro. cyano and hydroxycarbonyl, hydroxysulphonyl, 
dihydroxyphosphonyl, hydroxycarbonyl-CHj-alkyI, hydroxysulphonyl-Ci^-alkyl or hydroxy- 
phosphonyl-CM-alkyl or C^s-alkyl eBtere thereof. In the phenyl flroup of Formula IV. 
and Q* are both preferably H. tt is further preltened that Q\ Q* and CJ* are not electron- 
wtthdrawtng groupa. auch aa hydroxyoailsonyl, nitn> or qrano. 

the present compounds In which the groups represented by J and/or L contain a 
hydroscycarbonyl, hydroxysulphonyl or hydroxy phosphonyl group (especially In the salt 
form), generally have increased hydrophlliclty. (and solubility in aqueous medla> and 
reduced hydrdphobicity (and solubility in organic media) compared with compounds whidh 
do not contain such a group. Hydrophillcity (and aqueous eolublllly) also may be effected 
and/or enhanced by sulphonatlon and^or phosphonylation of the present compounds 
whereby hydrcncysui|*ionyl and/or dihydroxyphosphonyl groups may be introduced onto 
caibon ^toms In the phthalocyanine nudeus Itself or in the pendant phenyl or naphthyl 
groups attach&d thereto. This faeiBty for enhancing hydttophillcity by sulphonatlon and/or 
phosfihbnylation Is an Important faature of the present compounds because It has been 
found that the introducflon of such groups has a mirdmal eflfedi on theftr other properties, 
especially the position of their absorption peak In the IH raglon of the epedtrum. Thus a 
solvent soluble compound according to the present invention may be rendered nnore 
hydrophillo (and thus Rs aqueous solubility increased) merely by sulphonatlon without 
affecting its infracHied absorbing properties. 

The present compounds may be prepared by the processes described In EP 
0155780 A for the preparsUon of the analogous first preferred class of compounds . 
d^cribed therein. 

Compbunds according to the present invention (and more especially those of 
Fofmula «l) have a narrow main absorption peak (half-band width generally lesa than 
eonra) In the infra-red region of the electromagnetic spectrum and this peak is 
bafhochromlcally displaced with respect to the compounds disclosed in EP 0155780 so 
thai they have a fainter ooldratlon and are thus less easily detectable by visual Inspection 
when applied to a substrate. The present compounds are also generally more thermally 




Formula IV 



7 



stablo and resistant to f^adins under the effects pF lOumlnaBon by eieetromagnetlc 
irradiatkm than oda»3k6-(4-t4>utyiph6nytthlo}-VOPCw 

The present compounds are particularly useful as infra-red absorberB (IfVO in the 

folldwlna' applications: 

(a) Heai Inout Systems, wh^ln it Is desired to input heat at specific locatlors by 
e3(po8ur« tp infra-red radiation, e.g. In electrcplnolography where laser-induced 
Itis^on of the latent toner Image is enhanced by the presence of the IRA bi the toner, 
in print plate manufacture where the presence of the IRA in the photosensitive layer 
on a litliograpttie print plate enhances the formation of the laser-Induced image on 

the print plate, and in polymer welding wherein laser-induced heat generation in the 
vicNty of the weld Is enhanced by the presence of the IF9IA; 

(b) IR. faadlatlon ProteeHcn Systems, wherein K is desiifed to absorb infra-red radiation 
firem inddent radiation in order to protect a sufcject from the effeds of this radiation, 
e.G|. in heat resistant' f solaT) glazing for buildings or cans^ In sun visors and In 
wsiding goggles; and 

<c) Pfetectfon/H andllnq Systems wherein It is desired to provide or enhance a madiine- 
detectable (R or heat energy signal for use In medical treatment, e.{|. In tracing the 
movement of a drug doped with tiie IRA, enhancing a themrial signal In themrial 
' Imaging, fault detection, e.g. detecting craelcs flooded with a solution of the I RA , and 
automated detection and/'or manipulation of articles marked wtih the iRA. e.g. in mail 
sorting or In nriaehtne reading of prices and related Infomnation In siqaenmarket 
operations. 

According to a second aspect of the present invention there Is provided a method 
for the production of a lithographic printing plate containing a photosensitive layer 
comprii^ng Inradiating the photosensitive layer with an InfTa-red laser in aocordanoe with 
pattern tnfbnnation wherein the photosen^ve layer comprlaea an IRA aecoixang to the 
fir^ aspect of the present Invention. 

According to a third aspect of the present Invention there 1$ provided a method of 
jaolymef welding in v\/hich a polymer material is Imadlated with an Infra-red laser in a region 
where It is desired to form a weld wherein the polymer material comprises an IRA 
aedercffing to the first aspect of the present Invention. 

Abconding to a fourth aspect of the present Invention thena is pravided a method 
foi' the protection of the Interior of a glazed structure against the heating efltect of incident 
IR radiation by Incorporating into the glazing or a te^t fomiing part of the glazing an IRA 
according to the first aspect of the present Invention. 

According to a filth aspect of the present invention there Is provided a method for 
the attenuation of IR inradiation passing through a protective h^nsparent film (such as a 
visor 6i» eyepiece of goggles) by Incorporating Into the protective film or a layer fbmiing 
part of the protective film an IRA according to the first aspect of the present invention. 



According to a sbtfli aspect of the present Inventton there is provided a m^od far 
detecting an &rtIol© carrying a superficial Image by scanning vi»lth an Infra-red detector 
wherein the itfiage oomprfses an IRA aceofdlng to the firat aspect of the present invention. 

Aocording to a seventtt aspect of the present Invention there la provided a method 
far the femiatton of a pemianent toner image on a substrate uelna an electrophotographic 
deylGe IntorpoiaUng an IR eourcs. in order to fix the temporary toner Irhage on ihe 
sukistratS and/or provide an IRrreadal)!© pennanent toner Image, wherein the toner 
cortiprtses an JRA according to the first aspect of the present invention. 

According to an eighth aspect of the preeent invention there is provided a method 
for enhancing a thermal signal from a process by incorporatinfl irvio Ihe process medium 
an IRA 6eeording to the first aspect of ihe present invention. 

According to a ninth aspect of the present Invention there is provided a method for 
the detection of passages through an IR permeable solid by applying to the solW a licluld 
containing an iRA accoiding to the first aspect of the present Invention fo the solid and 
examining the solid for the presence of the IRA therein. 

Aocording to a tenth aspect of the present Invention there Is provided an artlote 
cairyln© an image adapted for machine reading In response to a refleictiv© signal 
generate by scanning the Image wHh Infra-red radiation wherein the Image comprises an 
IRA according to the first aspect of the present invention, especially for use In the 
autiimated recognition and handling and/or sorting of aitldes, such as mall and super- 
marlceta goods. 

In the aforementioned applicaUons ¥i>here the liRA is applied to a surfiace, this may 
be effected by dlsselwlng or dispersing It into a liquid medium so as to form an ink and 
app^ing the Ink to the surfooe using an appropriate prinUng technique. 

Aocording to an eleventh aspect of the present invention there Is provided an Ink 
comprising an IRA according to the firat aspect of the present invention In an Ink medium. 

A flt^ prefened ink according to the eleventh aspect of the present invention also 
comprises a colorant Such an Ink in which the colorant and IRA are both dissolved in 
the Ink medium Is generally suttable far use in the Ink Jet printing off absorbent materials 
sudi as paper and card. 

A secohd prefenred Ink according to the eleventh aspect of the present Invention 
also comprises an alkoxylated or poly^lko)(ylated acryiate monomer, a photolnitiator and a 
colorant (as hereinafter fuither deaeribed). 

(a) He^t Input Systems 
(i) pcnventional Toner 

A suitable flash fixing toner comprises a binder resin, a cotoring agent and an IRA 
aoe(»Kiihg to the pr^ent Invention, In whidh the 11^ Is preferably present in an amount 
from aitout 0.01% to 1.0% (more preferably around 0.1%) by weight, based on the total 



amount of the toner. The IRA Is conveniently dtepereed (or dissolved) In the binder resin 
fbnfiing the matrix of the toner particles. 

The binder resin may be any suitable resin used In flaeh fbdng toners, euch as 
polystyrenes; co-polymers of styrene with (melh)eoiyilc esters. acrylonHrtte, or mateic 
s esters; pply{meth)acryilc esters; polyesters; poIyamWes; epoxy resins: phenolic resins; 
hydrocarbon resins; and petroleum realhe. which may be used alone or ih combination 
with each other or with other resins or additives. Prefemed resins are polyester resins 
and epoxy resjns of Blsphenol A and eplchlorohydrln. 

The colorant may be any of those suitable for use In flash fixing toners, for 
10 example one or more pigments or dyes, such as. chrome yellow, cadmium yellow, yellow 
Iron oxide, titan yellow, naphthol yellow. Hanza yellow, pigment yellow, benzidine yellow, 
permanert yellow, qulnollne yellow, anthrapyrtmldlne yellow, permanent orange, 
molybdenum orange, vulcan fast oransej benzidine oranse. indanthrene brilliant orange, 
Irort oxide, amber, permanent brown, rose iron oxide red. antimony powder, permanent 
IS red, fire red. brllUank rsannlnB. light fast red toner, permanent carmine, pyrazolone red, 
Bordeaux, hello-Bordeaux, rhodamlne lake, DuPont oil red, thiolndlgo red. thlolndigo 
maron. watching red stnsrtlum. cobalt purple, f&st violet, dloxano violet, methyl vlol^ lake, 
methylene blue, aniline blue, cobalt blue, oerulean blue, chaico oil blue, nonmetai 
phihalodyanlne blue, phlhalocyanlne blue» ultramarine blue, Indanthrenfi blue, Indigo. 
20 ohrdme green, cobalt green, pigment green B, green gold, phthaloeqranlne green, 
malachlts grefen oxalate and polychromo-bromo copper phthalacyanlne. The amount of 
coloi^nt agent may be varied widely but Is preferably present In an amount from 3 to IS 
parts by weight, based on 100 parts by weight of the binder resin 

The fibsh fbdng loner may incorporate further components, such as a wax, a 
25 chaige control agent andCor a flow-enhancer. 

The wax may be a polyolefln type or natural waSc, such as camauba «/ax, wiontan 
wax, ^rtd a natural paraffin, polyethylene, polypmpylene, polybutylene. elhylene- 
prdpytene copolymer ethylene-butehe copolymer, ethylene-pentene copolymer, ethylene- 
3-methyi-l-butene copolymer, and copolymers of olefins with other monomers, such as 
30 vinyl esters, halo-oleflns, <melh)acryBo esters, and (meth) acrylic add or derlwatlves. The 
weight- average molecular weight of the waxy component la preferably from 1.000 to 
45,000 dattons. 

Examples of suitable charge control agents are nlgrosine. monoazo dyes, zinc 
hexadecyl succinate, alkyl estet* or alkyi amides of naphthoic add. nltrohumlc acid, 
35 N N-leiramethyl diamine benzophenone. N,N-i»tramethyl beniddlne, triszlnes and metal 
complexes of salicylic acid. If the colorant Is other than black. It is prefened that the 
charge corrtrol agent Is substantially colourless. 

Example of aultabie flow-enhandng agents are nUnute particles of Inorganic 
substances, such as colloidal silica, hydrophobic silica, hydrophobic tltanla. hydrophobic 



zlrGPnia, and talc and miniAd particles of organii? substances, sudi as polystyrene beads 
and (me^)acryllc resin beads. 

rfthe IRA is soluble or dtepenslble In the relevant binder nesin, the coloring agent 
and IRA (and any other components mentioned above) are preferably compounded and 
knefaded together. After cooling and pulverizino the resultant mbcture» the particles are 
claesifiedu 

(ii) Chemioallv Produced Toner 

An IRA according to the present Inventton may be Incorporated into a chemtcally 
produced toner. The toner may comprise one or more polymens, mixtures off polymers 
belrig appropriate where polymers of different molecular weight are used to control the 
molecular weight distribution and the melt rheology properties of the toner. Examples of 
suitable polymers are styrene-acryiate copolymers, styrene-butadlene copolymers, 
polyesters and hydrocarbon resins. The toneir may Incorporate colorant to (Nrovide a 
coloured Image on the printed substrate, charge control agent to enhance uptake of 
electricsil charge and wax to aid release from the fusion roller. Suitable colorants are 
pigment^ (Including magnetic pigments, provided these do not interfere with the 
absorption of Infra-red radiation by Ihe IRA) and dyes. Suitable charge control agents 
include metal complexes, such as complexes of Zn, Ai, Fe or Cr, and polymeric materials, 
such as phencKc l^olymers. Suitable waxes Indude hydrocarbon waxes* such as paraffin, 
polyethylene or polypropylene wdxes, waxes derived finom cartoon n^onoxlde and 
hydrogen, such as f=^ischer«Trqpsch waxes, natural product waxes, such as camauba wax, 
and synthetic waxes, such as ester or amide waxes. The toner may also contain surface 
addiflveis, such as silica, titania, alumina or polymeric partides* to cohtrol flow, charging 
perrcnTi,ariee or transfisr properties. 

(tm Offeet PriMinq Plate Pmdue^iftr, 

OfEset printing plates an^ generally prepared fi'om a recording material comprising 
a subs&ate and a pholosensftlve image layer formed on the fnont of said substrate, 
permfltlng a desired pattern to be formed on the Image layer by frradiatlori with a suitable 
source of eleetrdmagnetic radiation. One known recording material contains an IRA 
incorporated In the bnage layer and the desired pattern is formed by irradiation with IR 
radiation, gerierally from a laser. In accordance with prescribed pattenn Infomnatlon, The 
present IRA le suitable for use In such a recording material especially for use in 
conjunction with an IR laser with an emission peak In the region of 760 nm to 1C00 nm» 
such aig the commercially available solid-statiS Isser diode with a main emission peak at 
about B30 nm. Recording materials for offset printing plates in which the present IRA can 
be bioorporated Into the photosensitive layer are described in US 6,284,298 and the 
publications disclosed therein^ 



Laser WeMlna 

An exaiTiple oT laser welding Is given in 0&A-2,276,€84 which pravldea a method 
for welding together two bodies of thenmoplastic material (one of which is eubstantially 
transparent to Infra-red radiation and the other aubstantlally ojwquB) held with twwo 
adjacent, surfaces In contact (defining a contact region between the two bodies.) by 
inradiating the aurface of tt\e opaque body In the. contact r^lon with Infrarred radiation 
through the transparent body whereby the suc^se of botii bodies in the contact region 
mdy be Moated to a temiaeiHiure which they fuse and become Joined together by a 
fusion Weld, through absorption of ir radiation by the opaque body in ^e contact region 
andi transmission of heat thereby generated to the ir-transparent body in the contact 
region. The opacity of the opaque thennoplastic body may be enhanced by the addition 
of ain IRA according to the flret aspect of the present invention 

Ueing this method, theimofirfastic pipe can be radially reinforced by winding one or 
more layiers of fibre reinforced tinemiopiastio tape or film around the pipe. The tapes are 
convenMy wound on the pipe in pairs, In wrhich the tapes are of opposite hand to 
balanoe the torsional forces when the pipe is conveying e product under pressure. Each 
tap© te wound under tension which serves to hpid the tape and pipe Ih close contact in 
order to ensure that a fusion weld Is formed between them during the subsequent welding 
st^e. The first tape in the pair Is applied directly to the pipe and the second tape applied 
on bp of the fiffit tape under sufficient tension to hold both tap^ fimiiy against the pipe so 
that they become fused thareto in the weidtng stage. Further tapes, aing^ or In pairs, can 
be wound on top of tha first pa&s to pnavide additional r^nfpreement Typically each tape 
is composed of polyethylene and contains a number of reinforcing fibres extending 
lengthwise of the tape and evenly distributed across its width. Each fibre Is conveniently 
composed of a ijundle of fine filaments of a suitable relnfordng material, such as aramld. 
Altd'matiVely, a pipe may be longitudinally reinforced by applying the r^nforclng tape 
along the length of the pipe so that the strength of the tape is parallel to the longitudinal 
axi^ of the tdpe. In botii these examples, the tape constitutes the substantially IR- 
transpai^nt body, the pipe constitutes the IR-opaque body and the fusion weld Is fOmnad 
by Irradiating the pipe with IR radiation from the outside, through the reinforcing tapes, in 
order to effect fusion of the layers of thannoplastic material adjacent to the contact layer 
between the inner surfaces of the tapes and the outer surface of the pipe. 

(b) IR Radiation Profeetion Systems 
(i) HeaBReai8fantC3tazlno 

An IRA according to the present invention may be used as Vne wavelength gap- 
fillihg component (WGFC) of an optical body of the typ« described in U8 6,a4d,419 (the 
contents of which are incorporated herein) comprising either: 

1 (a) a birefringent dielectric multilayer film, which may be a polarl^efi mirror, or both, 
having a reflecting band positioned to reflect Infrared radiation of at least one 



poJarlzation at an incident angle normal to the film, said reflecting band having 
a short wavelength bandedge KO ^ long wavelength bandedge A^o at a 
normal Indderrt angle, arid a short wavelength bandedge Kfi and lortg 
wavelength bandedge KB. at a maxlinum usage angle 9. wherein is less 
than hj> and Kfi is seleoUvely positioned at a wavelength greater than about 
■ 700 nm; and 

(b) a component which at least partially absorbs or refleete radiation in the 
wavelength region between Jwe and AaO at a normal angle of Incidence 
(WQFC); or 

2. (d) an Isotropic dielectric multilaver film having a reflecting band posltloried to 
refted Wrared radiation of at least one polarteetlon at an Incident angle nonmal 
to the film, said reflecHng band having a short wavelength bandedge A«0 and 
long wavelength bandedge ^^^0 at a nomial Incident angle, and a short 
wavelength bandedge J^S and long wavelength bandedge M at a maximum 
usage angle 6, wherein hS is less than A^O and A^O ts selectively positioned at 
a wavelength greater than about 700 nm; and 
(b) a c6mponer«t which at least partfally absoibs or reflects radiation in the 
wavelength regten between Aa9 and at a nomial angle of IncWenoe 
(WGFC). 

This oiiBcal body provides good reflectivity In the Infrared region of the spectnim and 
lmpi«ved shying coefficient at normal angles while still transmitting visible light at all 
desirable angles of incidence. ^ . 

the WGFC fUncUons to either absorb or reflect the Infrare* wavelengths that are 
not reltecled by the film at normal angles because of the need to shift the reflective band 
of the film to higher wavelengths In order to mlnlmfee perceived colour changes at non- 
noi^al Inddence. Depending on the placement of the WGFC relative to the film, it may 
notfundlon alAon-nomial angles because the reflective band shifts to lower wavelengths, 
preferably coinciding with the wavelength region of the absorption or reflection of the 
WGFC The WGFC may b© Incorpbrated Into one or more of the film layers or 
inobrporated Into a separate or discirete part of the optical body. I.e. a sepatete layer from 
the film (a) that may be attached thereto by lamination. In this type, the WOFC (l.e. IRA) 
is mccrporatfed into a e^rate layer adhered to the film (a). The WGFC may be a part of 
th^ film 6r separate f«.m the film, depending on the characteristics of the filrri with which It 

Is t)eln^ ccmt^ned. , . 

the film (a) end the WGFC (b) may be combined so that the film is placed on a 
surface nearest the sun as practical because It is more efficient to reflect solar energy 
than to absort) It. Where possible, It Is preferable that the sun's rays first encounter the 
fllmandthen secondarily encounter the WGFC. In a muWple pane or twoi^ly windshield^ 
the rhost pi^ble placement for the film 1$ the exterior nearest the sun. the next 
pr^erabty position Is between the panes or pHes. The film may be placed on the Interior 




surf!Bce but this allowfi absorption of solar light by the glass bsfors the 1^ maches the 
film and absoiptlon of part of the light reflected from the Film. This arrangement may be 
pre{#rabie when considered from a UV protection standpoint, since it may be pref^rattie to 
position the film awray from the sun, aUowIng components Ihat are less sensitive to UV to 
5 Absorb this part of the light. 

the WGFC 0RA> can be applied to etther surface of the film (a), fn a layer of glass 
or polymer, such as polycarbonate or acryfic. laminated to the film, or be present in at 
least one of the- polymer layers of the film. From a solar energy standpoint, the W@FC is 
preferebiy on the Innennost surface of the film (i.e. towarel the Interior and away from the 

10 Buh) so. that wh^n the sun is a high angle, the film reflective band sh^ lo lower 
wavelengths, essentially coinciding with the Amax region of the dye. This Is pi^feircd 
because refle<:ting eolar energy away from the film Is pr^erred to absorbing it. 
The ambunt of }NQFC used In the optical body of the present invention may be varied 
dependihg on the specific nature of IRA and the end use applieatioii. Typtealiy, when 

IS ap^ilted to the surface of the film, \BA is pr&sent on the surface at a concentration and 
coating :thlcl<ness suitable to aceompDeh the desired infrared absorption and visible 
appear»ice. topically, if the IRA is v^thln an additional layer or vi/iihin the multilayer 
Optical body, the concentration ranges from about 0.05% to about 0.5% by weight, based 
on the totar weight of Ihe opMeai body, it is highly deeirable that the IRA is finely divided 

20 to such :an- extent that the. pertlde size is less that the wavelength of the ineident light. Jf 
the IRA is non-polar solvent soluble and Is heat stalsle. it can be coated or mixed in witti 
Solid plElstic pellets and extruded. 

However, the present IRA is not limited to use only In an optical body of this type, 
but may be used in any other optical body with a like purpose. I.e. attenuation of iR 

25 radiation. 

(c) Detectipn/i-iandllno Systems 

Such systems conveniently comprise a detector to detect, and optionally to measure the 
strength of, an infua-^d signal from an image on an article to be detected or a thennal 
30 signal .(^nhaiiiced by the presence of an IRA In the image) and may feed this to an 
automated handling system for marripulaUon of the article In accOKiance with infomiation 
in the signal or to a data handling system fbr stodc recording or accounUng. 

the image may be formed by application of an inic to the siticte. eispeoiaiiy a UV 
eur£ible;ink containing an IF^ aocording to the present invention. 

3S 

(I) UV. Curable li^k 

A suitable UV-cureble Ink comprises an alkoxyleted or polyalkoxylated acrylat© 
monomer, a .photolnitiator and a colorant, such as that described in US 6.114.408 (the 
ooritartts df which are hncorpwated herein by r«fbrence). A piteferred UV-cUraUe Ink 
40 oompdsltlon comprises. 8d% to 95% by weight of a polyftincfipnel alkoxyiated andtor 



ptdyalko^ated aarylate monomer material Muith respect to the total compo^Qon, a 
priotolnHiator. an IRA and, optionally, a colorant 

The amounts of the acrylate monomer, photolnlUator, IRA and coloranl may be 
varieci accorqllng to ttie paiUcyiar ^quipnient anci application However^ the amount of 
phottilnWator I9 preferably firom 1% to 15% by weight of the total composHion. 

The polyfunctlonal alkoxylated or polyalkcncylated aoylate monomer material may 
cdmprf^ one or more dl- or tri-acrylates or alkoxylated or polyalkoxylated acrylic 
monorhere of higher fynctlonalfty may tje used alone or together with tme or more dl- 
andtor'trtfunctional materials. The number of all<yleneoxy groups is preferably from 1 to 
20 per molewte of the monomer and each such group is preferably C&4-allq/leneo>iy, 
more especially ethyleneoxy (EO) or propyleneoxy (PO). 

Suitable polyfunctlonal alkoxylated or polyalkoxylated aciylatea are all<o:g^ated» 
preferably ethaxylated or propoxylatedr adduote of neopentylgiycol dlacrylaies. bulanedlol 
diacryiates, trimethylpropane bi^acrylates and glyceryl tiiacrylate. 

The Ink may also contain up to 10%, by weight of a monofUnctlonal alkoxylated or 
pdiyalkoxylated acrylate monomer, such as an alkoxylated, especially ethoxylated or 
propoxylated, adduct of one or more of tetrahydnafurfuryl acrylates, cydohexyl acryiatee, 
aM<yl acrylates, nonyl-phenol acrylate and polyethylene- or polypropylene^lycol aciylates. 

The Ink may also dontaln Up to 5%, by welflht of a non-alkoxylated mono or poly- 
functlonal radiation curable monomer, such as oetyl acrylate, deeyi acrylate. N-vinyl- 
pyroHldone, ethykJlglycol aoiylate, teobornyl acrylate. ethyl-hexyl acrylate. lauryl acrylate. 
butanedlol monoacrylate, p-oarboxyethyl acrylate. l-butyl aofylate, polypropyleneglycol 
mbnornethacrylate. Z^-hydroxyethyl methacrylate, hexanedlol di(meth)acrylate. 
tetiaethyleneglycol dlacrylate, tripropyleneglycol diacrylate. butanediol diacrylate, 
pblyethyleneglyool diaorylates and trlethyl^teglycol dimethacrylate. 

Exarftples of suitable oommerdally available i^otolnitlators are xanthones, 
thloxarithbnes, benzophenones. quinones and phosphine oxides. Examples of co- 
Initlatois that may be included with the primary photoJnftiator Include amines and 
aminobenzoates. Where the ink indudes a primary and a co-Initiator, the total amount is 
preferable within the aforementioned jarefen-ed range Aminobenzoafe and acrjrfated 
amlhe co-initiators are preferably used with the xanthone and/or thioxahthone primary 
photoinitlator. 

By the term radiation curable is meant that the composition 1$ curable by the 
appllcatioh of UV radlaSon. Such a composition may be a substantially colourless 
curabl^ viamlsh or base or may, if It contains a colorant Q.e. a material which provides 
visual oolour or a related optical property, such as fluorescence), be an Inic Where a 
odlorarit is present^ the ink preferably contains from 1% to 10% by weight of colorant with 
respect to the ink. 

Suitable coioranis fieill Into two dasses, (a) dyes, which are substantially soluble in 
thfe Ink coiTiposition and <b) pigmente, whtoh are dispensed In the Ink com^sition in the 
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^ form of fine particles, usually with the aW of « sultabte disperaant. Typical pigments 
include Pigment Red 57:1. Pigment Red 52:2. Pigment Red 48:2. Pigment Blue 15:3. 
Pigment Green 7, Pigment Yelbw 83. Pigment Yellow 13 and Pigment White 6. If the 
colorant is or contalnB carbon black no added IRA to generally required because carton 
5 black dbdwbs strong^ in the IR region of the epectoim. 

The Ink may also oonlain other minor Ingredients, such as. surfactants, levelling 
additives, photolnltlator stabilisers, wetting agents and pigment stablBsers. The latter may 
for example be of polyester, polyurethane or polyacrytale types, especially in the form of 
high molecular weight block co-polymers, and are typically incorporated at a level fWm 
10 2.&I/L to 100% by wreight of the pigment. Specfflc examples are Dfeperbyk 161 or 162 
(BYK dhemle) and Solsperse hyperdispersants (Aveola). Suitable photolnWator stabilisers 
Include those disclosed In EP-A* 465 039. sullabl© surfactants are preferably non-lonlc, 
such as Ruorad FC430 (ex 3M Corp.). Such surfactants (when present) are prefei'ably 
Included In an amount of 0.1% to 10% by weight of the total composition. 
IS The ink or varnish is preferably substanOaUy or totally free of organic solvent. 

Thus, it preferably contains less than 10%, more preferably less than 6%, especially less 
than 1% and more especialiy less than 0.1% of organic solvent by weight o* the total 

compo$l«Oft^^^^^ IRA is not nmited to use only in a UV ourabl© Ink this type, but may be 
20 used Ih. any other UV curable ink in which it is soluble or dlspersible. 

Ql) Lmaae Enha neement Systems 

In such systems an IRA is added to a medium in order to enhance the strength of 
a Iherriial signal. One method for creating, and detecting a thermal energy dUTerence 
25 between a material and Its sun-oundings comprises the steps of 0) adding an IRA 
according to the first aspect of the jpresent Invention to the materiel and/'or to Its 
surroundings, (0) exposing the material andtor its surroundings to an Input eneigy to 
create a themial. Image; and (Ul) measuring a change In the temperature df the material 
and/oi* Hs suireundlngs by means of a thermal Image detector. The IRA is preferably 
30 ackled bniy t^ ttie material or only to the surroundings of the material In order to enhance 
frie contrast between them. 

The IRA may be used In solid fomti. in solution or In tfepersion, or In vaporised or 
atomized to f&rm an aerosol, and directed substantially to the target site or sites for 
imaging. Such dlrecfion may occur by a natural affinity of the IRA for the particular taiget 
35 site, or may be achieved by a targeted imaging process where a can-ier is used, which 
may comprise vectors such as antibodies or other i^milar systems or the IRA may be 
directly, placed In the target area . Alternatively direction may occur by fsstridlng the 
mobilKyi of the IRA so that it remains substantially In the target area, for example by 
contnbjllng the Inherent solubility, pH or lipMAivater partition of the IRA. 
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the material may eomprts© any part of! a humen or arUmal body, a plant or other 
vegetatkin. a building or engineering construoHon. a motor vehicle and applications In 
avlatitiri transport or substrates such as paper. Including rag paper, printer quality paper, 
currency sracte paper, plastics-coaled or lannlnated paper or other substrates typically 
j^sed fbr documents or packaging. 

the Input energy is preferably a radiation source of preferably etectnsnic energy of 
wavelength between 800 nm and 1000 nm. typical Irradiation sources inducte a simple 
halogen jbulb. having an emission spectoum with a substantial portion in the near infra-red 
region, a Ught Emating Diode (i^D) and a IR semiconductor laser, such the GaAlAs laser 
(emission at VeSnm). lllumlnaUon times may be selected appropriately to give optimum 
Irhaglng ^out significant dliedt heating which might Interfere with the strength of the 

the thennal image detector may be any device able to detect and preferably 
reconl ai thennal energy dlHference between or within a material and/or Its .surroundings, 
sudh as. a thermal Imaging camera, (e-g- themiaCAM* SCIOOO camera, available from 
FUR Systems. Boston. USA), the thermal Imaging camera preferably comprises a change 
couple .dsvics (CCD) sensitive to BgW of wavelength between 1.S and 16 microns, mora 
prefera.Wy between 3.4 and 5 microns. Image manipulation and data handling are 
aoKfeved using appropriate computer software such as thermagr^* PR095 software 
available Item Themnoteknoi Systems Limited. Cambridge, UK. 

The IRA is conveniently added to the material and/or its sunoundlrigs in the form 
of a compbsMon comprising the IRA and a liquid medium. The IRA may be dissohred or 
dispereed in the liquid medium. Suitable liquid media Include water, a mbdure of water and 
an oiganlc solvent and an oi^anlc solvent free from water. It Is prefeired that the orgahie. 
solvenl present in the mixture of water and organic solvent Is a watei^mlsdble organic 
solvent or mixture of such solvents. Preferred watei-mtedble organic solvents include 
alcdhols more especially methanol, ethanol: dimelhylsultodde: cyclic emldes. especially 
2-pyntslidone. N.rhelhyH>ynoIldone and N-ethyi-wmolidone; dlols. especially l.^pentane- 
did elhyleneglycol. thlodlglycol. dlethyleneglycd and triethyleneglycol: and inono^.4-alkyl 
and C,^-alkyl*ethet« of dlds, more pieforaHy mono<:i^-allqi* ethers of dlols having 2 to 12 
carbor^^oms, especially 2-me1hox^2-ethOKy-2-elhoxyethanol. 

the present Invention is further Illustrated by the following Beamples In which all 
parts and percentages are "by v^eighf unless othenilrise Indicated. 



Steofl ^ ! 3.ftC iBf^-niethiflPheritflaulfonsrico{v^Dhthaloottrl|e 




p-TolUenesuJfonyl chloride (25.80g, 13Snnmol) was added to a suspension of 
2,3-dlfayanohydrcqulnone (lO.OOg, 62.6mmol) and potassium carbdnate (34.60g. 
250mlnoO In acetone C75mL). The temperature of the flask rose rapidly, but stabilised 
after 2 minutes. The mixture was then heated to reflux and stirred ttor 2 hours, when TLC 
(elUtin^: CHsCy Indicated that an the starting 2.3-dleyanohydroqulfipne had been 
consuriied. the mixture was allowed to cool to room temperature, poured Into water 
(200ml), and stirred for 1 hour. FDtration gave the title compound as a colourless solid, 
which Airas washed with water (~30ml), pulled dry and dried in an oven (2B.36g. 97%). 



CgsHicOeNaSa requ'res? C, 5e.4%i H, 3.4%; N,6.0%; S, 13.7%]; 
nOass Spectral (El*): 468 (WT, 80%); 1 55 (CHaCsHtSOa, 100%); 91 (CHaCsH* 80%). 
Stage 2: 3.e-BiEf4-ihgtlwl PhQnvlthio\DhthalQnitrllQ 



p-TNocresol (3.41g, 27.Smmel> and potas^um carbonate (3.80g. 27.6mmoO «e* 
DMF (ftomij were stbved at 11 0°C for 46 minutes, aliewed to cool to HSO^C and 
3,&bis(4-methylphenylsulfdnyloxy)phthalonllrilQ (ex Stage 1« 5.06g, 10.7mmol> added. 
The mixture w^ heated to 110'*C for 4 hours when TLC (eiuting: aq% ethyl acetate; 
• isohexane) Indicated that ail the stariiing material from Stage 1 had been consumed. The 
mixturis was then allowed to cool to room temperature, poured into water (100ml) and 
exb^ct^d with ethyl acetate (3x30ml). The combined onganic extracts were diileet over 
MgS04, filtered and concentrated to give a semisolid that was purified by flEffih column 
chromatography (gradient elution: 5%-10%-30% ethyl acetatetlsohexane, finally 
diehloromethane) to ghre the title compound as a yellow solid (2.07g. 52%). 



Analysis: 
(3ravirrietric: 



Found: C. 65.8%; H, 3.3%; N, 6.0%; S, 13.5%; 




Analysis: 



GfevItneWc Found: 0:69.9%; H!4.4%: N:7.3%; 3:16.9%; 

(CKHtoNzSareciuireB: C:70.9%: H:4.3%; N:7.5%; & 17.2%) 
Mass Spectral: {El*): 372 (M*. 100%); 3S7 (M - CHa. 6%); 123 (CH^CeH+S. 15%); 

91 (CHaCeH* 16%). 
Staad 3: Octa.a.e-(4-me thvlDhenvlthlQ^.LkPo 

■Lithium itieftal (removed from a pieee vrnnersad in paraffin (0.14g, 20.0mmol) 
was added to a liasic eontalnlns s-metriylbuianol 06opentanot) (60ml) and«tiirred until all 
the Ifthlum metal had reacted. Then 3,e-bls(4«methytphenylthlo)phthaIonitril© (ex Stage 2, 
1B.0g, 40.3mmol) was added and the mbdure heated to 120*C for 18 hours. Methanol 
(lOOmH) was then added and the mixture stirred for 1 hour. This was then filtered, the eake 
washed with a little more methanol and puUed dry to give the title compound as a green- 
browri solid <11.46g. 7.63mmol, 76%). 
stage 4; Oe ta-a e-f4-inathvlahflnvlthloWOPc 

Octe^,S-(4-nie!lhylphenyhhto)-U2po (ec Stage 3, 10.0g, 6.66mm0l) and vanadium 
trichloride (2.10g, 13.4mnnoO In quInoHne (60ml) were heated to 200*C. After 6 hours the 
mixture was allowed to cool to room terrq^erature. Olchloromethane (lOOmO was added 
and the mixture filtered. The filtered solution was poured into water (100ml) and the 
oi^anlpleyer eeparated. The aqueous layer was extracted with dlehloram^ane (3x30ml). 
Methdriol was added (60ml) to the combined organic extracts and the diChloromethane 
removed vl^ rotary evaporation. The mixture was then filtered, waehed wRh more 
mdth^hol and pulled dry to give the title eompound as a dartt brown/black solid (6.92g, 
3.8immtit,67%). 
Analysis: 

Mass Specfiral: (PAB*) 1 556 (MhT); 

UVyVIS " Xmm«851nm:. SmoHr = 163.00G. 

StaqaS: Purification 

Purtnoation ofthe material from Stage 4, by flash column ohrometognHphy (1.40g 
(eltitlhg: CH3CI2). gave a dark brown/black solid (1 .20g). 

Ansly^^s: 

UVAflS: W s 851 nm; emmc - 179.634. 

Example 2 

Stape:1t Qeta-a.e-c^lorophthalocvanlne 

3.e-Dlohtorophthalia anhydride (48.8g, 225mmol). urea (66.6g, IllOmmol) and 
ammorltum molybdate (p.2g, 1.02mmol) In 1.2,4-trii::hiorobenzene (180ml) Were heated to 
155*0 tor 3 hours. Antimony (10.3g, flSmmol) and ammonium chloride (13.S4g, 253mmoI) 
were- then added. The mixture was then heated to 2Q0<'C» stirred at this temperature for 
6 hour^ and allowed to cool to room temperature, ^thanol (200ml) was then added and 
the mi}dturB sUired at reflux for 1 hour and filtered on a Buchner fijnnaii. The isolated solid 
was rejreatedly added to lefUodng ethanol (300ml) and refiltered (twice) and then 



repeatedly acWsd to cona HCI (100ml) and filtered <J»«lce). The Isolated solid was flnalty 
added to ethanol (200ml), filtered and dried in an oven to give the product as a blue soUd 

(iB,ag, 23mmol, 41%). 

stat es 2t 0<ita^.e^4>m<^ tlV^ph6nvlthrQVH..Pe 

4-Methylphenylthiol (6.21g, 42mmol) and potaaalum hydrwdde (2.9Sg» 42mmol) in 
qiilnollne (iSml) were heated to 120^ for 30 minutes. Ocla-3.&<liteiicifihthaldcyanlne 
(from Stage 1, 3.30g, 4.2ramol) was then added and the mWwre heated at 170"C for 1.6 
hours *rtter whloh it was allowed to cQoi to room temperature. Methanol (30ml) was added, 
the mljcture was-stlned for 30 minutes, then filtered and the solid washed with a iltti© more 
methanol. The filtered solid was stirred with water (50tnO, filtered and washed with 
methanol and fiulled dry. Soxhlet ©xtractlorv (CHaCia) gave, after concentraHon, the tlUe 
compound as a brown solid (3.37g, 2.3mmol. 65%). 

This F>roeess of this Stsge Z uses 10 molar equivalents of 4-mBtfiyIphenythlol per, 
equivalent of oeta-3.6-chloroirfrthatocyanlne In order to ensure replaoemerrt of all the 
dilorine athms by 4-mettiyIphenyIthlo groups. Horaologues of octa-3,6'(4«. 
methylphenylthlo)-H2Pc containing from five to seven 4-methylph©nylthlo groups attached 
td thd -3.6-carbon atoms" (the remaining '3,S-carbon atoms" carrying chldrine atoms) by 
the same process but using smaller amounts of 4>methylphenylUitol. 
stage fl: Oeta-3.6-(4-met hvlfthenvlthioWOPtt 

Octa-3,6-(4-methylphenylthio)<H2Po la convertible to the lithium analogue octa*3,6- 
(4HnBtiiyiphenyHhlo)-U^ using the method of v.wi. NegrlmovsWI, Wl. Bouvet, E. A. 
Luk'ytoets and J. Simon (see J.Porphyrins Phthalocyanlnea, 4, 248 [20001) and thence 
Into the fitle compound (vanadyioxy analogue) by. the method set out In E)(ample 1 
Sta^.4. 

Btamblaa 

^valuation of Uohtfaetneas 

The llghtfastness of the compound of Example 1, octa-3,6-(4-methyI(ihenylthlo)- 
VOPo^ll'JA 1), was compared to that of the closest known prior art; compound, disclosed 
In the list on page S of EP 0155780. octa-3.6-(4-J-buly1phenylthio)-VOPc (IRA PA). 

Test Images were prepared from 0.4% w/v dichloromethane solutions of each IRA 
by coating oh to paper, with a Gravure printer, to give an OD of 0.6 tor each (mage. 
Fading experiments were peribrmed In an Atlas CiSOOO weatherometer (temp: 83"C, 
hUmldity: 40%). Absoriaanoe spectra were measured before and after 24 hours 
exposure, using a Peinkln^£lmer Lambda 19 UV/Vis/NlR spectrophotometer fitted witti an 
Integrating sphere device, and the extent of fading for each compound (difference 
between original absorption and absorption after 24 hours exposure as a percentage of 
th& orig/nal absorption) Is set ouit in Table 1 



Table 1 



Cnmpound 



IRA1 
IRA PA 



Eytent of Fading 
46% 
67% 



Eigmnrile 4 

P^iatuation of Thftrmal StabBItV 

The thermal stability of the compound of IRA 1 was compared to that of IRA PA 
(see Esrample 3). 

Thermogravlmelrlo analysis was peiformed on a PeFkln-Elmer TGA7 analyser by 
heating a sample of each compound from room temperatuite to 460'C at lO'C/mlnute and 




Gompound Vlgt^ Poln^ 

IRA 1 340*C 
IRA PA 30O'C 
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CLAIMS 

1 . A phth^ocyanine compound of Formula I 

I) 




Wherein »t least 5 of the sroups represented by R\ R*, R*, R". R*. R*', R** & R^* are 
indepefident^-XfJ or^-LOC^-, wherein 

each J:is lnd@peni;jently eelected from Ci^-alkyl: (W^lkenyl; C4^cydo^l (each being 
optionally substituted by a group seleoled from C^-alkoxy, d^i-alkylthlo, Cs.+2-aryl, 
Co.,2-arylthlo, Ci^lkylsulphonyl, dwi-alkylsuIpHonylamlno, Ci-4-alkylsulphoxlde, 
amino, mono- and dt^Ci^-alkylaminp. halogen, nitro, cyano ahd hydroxycarbonyl 
(-COOH). hydroxyaulphonyl (-80eH} or dihydraxyphosphonyl (-POaHa) orCi.4-aIkyl 
eatery thereof) and from C».«-aryl (optionally sidsstituted by a group selected from 
Ci^n«yli Ci^-alkoxy, Ci^lkyttNo. Ci^-alkylsgiphonyl, d^alkylsulphonylamlno, 
CMx^!kylsulphoxid04 amino, mono- and dl-Ct^-alkylamino, halogen, nitro, cyano 
and hydroxycarbonyl, hydrpxysulphonyl or dihydroxyphaaphonyl, hydroxyoaibonyl- 
Ci^-alkyi. hydrpxy^ulphonyl-Ci^aM, dihydroxyphosphonyl-d^-alkyl or Ci^lkyl 
.esters thereof): 

each L Is independently selected firom Ci^^alkylene and C4«-cycloalkylene (eadi being 
optioilially substituted by a group selected firom Ci4-alkoxy, CijpailQrIthIo, C^^r^ti/l, 
Ca.i8-aFylthIo, Ct^-aikyl^uiphonyl, d^-alkylsulphanyl amino, CiH&-aikyi»riphoxIde, 
amino, mono- and di-Ci^-alkylamtno, halogen, nitro, cyano and hydroxyearbonyl, 
hydrokysulphonyi or dihydroxyphosphonyl or Ci.«-alkyi esters thereof); and from 
CeiiT-arylene (optionally substituted by a group selected from C^-alkyl, 
Ci^-alko)^, Ci.3-alkyithio, Ci4-aikyl&uiphonyl« Ci^-^lkylsuiphonylamino, Cu-alkyl- 
sulphoxide. amino, mono- and di-Ci.g>aikyiamino, halogen, nitio, ^ano and 
hydndcyearbonyl, hydrpxyeuiphonyl, dihydroxyphosphonyl, hydroxycarfoonyl- 
d-d-^alkyt, hydroxysuiphonyl-Ci^-^lkyl or dihydraxypho8phonyl-Ci4-9ll<yl or 
P-i-^-alkyi esters thereof; 
M is an o^^metai group; 

each X Independently Is S, Se, Te or NT: 
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each X* Indepfendently i8 8. Se, Te or NT and dlWH^Iy attached to a peripheral a.©<!arbon 

abm of another phthaloeyanine compound of Fonmuta 1; 
each nnd»pendenlly is H. alkyi or phenyl, or T & J. together with the N atom to which 

Ihey are attached, form an aliphaUc or anpmatle ring provided this N atom te not 
posftively charged; provided where J ie eryl. T Is not aryl; 
and the temainlng groups from to R^" are Independently selecJed from H, halogen, -OJ, 
hydroxywtbonyl, hydroxysulphonyl, dlhydroxyphosphonyl, hydroxycaibonyl-C,4-alkyl, 
hydroxydulphQnyl-Ci^alkyl and dIhydroxyphosphpnyl-Cio-alkyl. 

2. A phthalocyanlne compound according to Claim 1 wherein each of R\ R*, R^ R*. 
R», R«. R" & R" Is 4-methylphenytthlo and each of R^ R*. R\ R'°. R"*"*. R^" & ^ 

3. A phthalocyanlne compound accoidliifl to Claim 1 or Claim 2 wherein M Is VO. 

4. A method tor the preducHon of a lithographic printing plate containing a 
photosehsltlve layer comprising In-adlating the photosensitive layer with an Infra-red laser 
in accorelance with pattern Infontiatlon wherein the photosensitive layer comprises an IRA 

acoordinig.to any one of Claims 1 to 3. 

5. A method of polymer welding In which a polymer materia te Irradiated with Infra- 
red teaer In a reelon where It te desired to Ibrm a weld wherein the polymer material 
corilprtees an IRA aocordingto arv one (rf Claims 1 to 3. 

6. A method for the protection of an Interior of a glazed staicture against the heating 
effect of Incident IR radiation by Incorporating Into the glazing or a layer forming part of the 
glaieing ^n IRA according to any one of Claims 1 to 3. 

7. A method ft«r the attenuation <rf IR Irradiation passing through a protective film by 
incdrpdi^tlnfl into the protective film or a layer forming part of the protective film an IRA 
Bccordlrtg to any one of daims 1 to 3. 

8. A method fbr detecting an article carrying a superficial Image by scanning with an 
infi^-ffid detector wherein the Image comprises an iRA dcoording to any one o* Claims 1 
to 3. 

9. A method for the fonnatton of a pemianent toner image on a substrate using an 
electrophotographic device Incoiporating an IR gggrce to fix the temporaiy toner Image on 
the substrate and/or provide an IR-readable permanent toner image wherein (he toner 
comprises ian IRA ac^rdtng to any one of Claims 1 to 3. 
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10. Apt srtide carrying an [mage adapted foe madilne reading in response to a 
reflective signal generated by ecannlr^g the image witii infra-red radiation vuher^n the 
image cdrnpriees an 1^ according to any one of Claims 1 to 3. 

s 

11. A inetliod for the enhancement of a thennal signal compr^ng inoorponatlng into 
Una ^rticl^frbm which ihe thennal signal ie derived an 11^ according to any one of Claims 
1toa. 

10 12. An ink comprising an IRA acconilng to any one of Claims 1 to 3. 

13. An lifik according to Claim 1 2 also comprising a colorant 

14. An Ink according to Claim 12 or Claim 1 3 also comprising an alkoxyiated or 
IS pdydlkojqrlated acrylate monomer and a photolnltiator. 
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